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Semikrystalicka forma risedronatu monosodneho, zpusob jeho pfipravy a 
lekova forma ho obsahujicf 

Oblast technikv 

Vynalez se tyka nove semikrystalicke formy monosodne soli kyseliny 3-pyridyl-l- 
hydroxyethyliden-l,l-bisfosfonove vzorce (I) 



a zpusobu jeji vyroby, jakoz i lekove formy ji obsahujicf. 
Dosavadni stay technikv 

Geminalni bisfosfonaty, jako napfiklad soli 3-pyridyl-l-hydroxyethyliden-l,l- 
bisfosfonove kyseliny (RISEDRONAT) nebo 4-amino- 1 -hydroxybutyliden- 1,1- 
bisfosfonove kyseliny (ALENDRONAT) jsou jiz delsi cas pouzfvany k lecbe nemoci 
kosti a k uprave metabolismu vapniku. 

Pfiprava risedronove kyseliny spociva v reakci kyseliny 3-pyridyloctove s kyselinou 
fosforitou a chloridem fosforitym a nasledne hydrolyze vzniklych intermediatu. 
Obecna metoda teto pfipravy bisfosfonovych kyselin byla uvedena v JP 80-98193 
(1980), JP 80-98105 (1980) firmy Nissan Chemical Industries a v clanku W. Ploger 
et al., Z. Anorg. Allg. Chem., 389, 119 (1972). Pfiprava risedronatu byla uvedena 
v EP 186405 (1986) firmy Procter & Gamble. 




(I) 



Bisfosfonove kyseliny jsou pouzivany ve forme ruznych netoxickych a farmaceuticky 
akceptovatelnych esteru, soli alkalickych kovu a kovu alkalickych zemin a jejich 
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ruznych hydratu. Forma substance muze mit zasadni vliv na jeji rozpustnost a jejf 
biologickou dostupnost. Preferovanou formou risedronatu je sodna a vapenata sul. 

3-pyridyl-l-hydroxyethyliden-l ? l~bisfosfonova kyselina je pouzivana zejmena ve 
forme monosodne soli (RISEDRONAT SODNY). Tato sul, podobne jako fada dalsich 
geminalmch bisfosfonovych kyselin a jejich soil, je schopna tvofit hydraty. Dosud 
byla popsana bezvoda krystalicka forma 3-pyridyl-l-hydroxyethyliden-l,l- 
bisfosfonatu monosodneho, jeho monohydrat a pentahemihydrat, a to v pfihlasce WO 
01/56983 A2 firmy Procter & Gamble. Z obou uvedenych hydratu je termodynamicky 
stala pouze forma pentahemihydratu. Monohydrat samovolne pfechazf na stabilnl 
pentahemihydrat. 

Pentahemihydrat je pripravovan vytvofemm suspenze kyseliny risedronove ve vode 
pfi asi 60 °C 5 upravou pH suspenze na 4,5 az 5 hydroxidem sodnym, pfidanim 
isopropanolu k vytvofenemu roztoku pfi stejne teplote 5 a postupne chlazeni vznikle 
suspenze. Pro vytvofeni cisteho hemipentahydratu je dulezita teplota vzniku prvych 
krystalu, kterou je nejvyhodnejsi udrzovat mezi 50 az 70 °C. 

Lekova forma obsahujici monohydrat, popsana v pfihlasce WO 01/56983, tedy nutne 
pfijima z okoli vodu a mem sve slozeni. Toto pak muze byt vyznamnym zdrojem 
nestability teto formy. 

V patentu CZ 293349 jsou popsany vyssi hydraty monosodne di- a tri-sodne soli 3- 
pyridyl- 1 -hydroxyethyliden- 1 , 1 -bisfosfonove kyseliny. Ukazalo se, ze tyto soli 
nepfibiraji dalsf vodu z ovzdusi, a lze pfedpokladat, ze kompozice s nimi bude 
stabilnejsi nez s drive popsanou smesf mono- a pentahemihydratu monosodne soli. 
Mimo jine, je tu popsana forma monosodne soli pentahydratu. Pentahydrat je jedno 
z alternativmch feseni k dfive popsanemu hemipentahydratu. Je stabilni zejmena ve 
vlhkem prostfedi. Tento hydrat byl pfipraven z roztoku monosodne soli ve vode, 
ktery se pfi teplote 80 °C vlije do isopropanolu zchlazeneho na -7 °C az -10 °C. 

Jine feseni je popsano v patentove pfihlasce WO 03/086355. Struktura dfive znameho 
hemipentahydratu zde byla oznacena jako polymorf A. Nova krystalicka forma B, 
uvedena v teto pfihlasce, je monohydrat, na rozdil od dfive znameho monohydratu je 



stabilni za normalnich podmmek. Ve vynalezu se dale definuji dalsi krystalicke 
formy C az H. 

Postupy pffpravy jednotlivych forem spocivaji, bud 5 ve varu suspenze kyseliny 
risedronove v roztoku hydroxidu sodneho ve smesi voda - organicke rozpoustedlo, 
nebo v zahnvam monosodne soli na tepotu 100 az 200 °C, nebo v dlouhodobem 
vystavem soli vlhke atmosfefe. 

Vsechny dosud popsane formy monosodne soli kyseliny risedronove byly 
krystalicke. V mnoha pnpadech tykajfcfch se farmaceuticky ucinnych latek se vsak 
ukazuje, ze amorfni forma je lepe biologicky dostupna. Protoze je u soli 
bisfosfonovych kyselin obecne velmi nizka biologicke dostupnost - organismus 
obvykle zuzitkuje okolo 1 % celkove hmoty uzite ucinne latky - je zadouci najit 
takove formy, u kterych by byl tento zuzitkovany podil vyssf. 

Pfedkladany vynalez se proto zabyva novou semikrystalickou formou monosodne soli 
kyseliny risedronove (tez risedronatu sodneho). 

Podstata vynalezu 

Vpopisu vynalezu je pro latku, ktere se vynalez tyka - semikrystalickou 
monosodnou sul kyseliny risedronove - pouzito oznacenf semikrystalicky risedronat. 

Pfedmetem vynalezu je nova semikrystalicka forma risedronatu. Ukazalo se, ze tato 
forma je stabilni pfi beznych podminkach a je vhodna pro pnpravu lekove formy. 
Semikrystalicka forma risedronatu muze obsahovat 0 az 7 % vody. Ve vyhodnem 
provedeni obsahuje 4 az 7 % 5 kdy je latka stabilnejsi i ve vlhkem prostfedi. 

Semikrystalickou formou lze charakterizovat jako prakticky amorfni latku tedy 
takovou, u ktere neni indentifikovana zadna krystalicka mfizka. U semikrystalicke 
formy vsak mohou byt metodami strukturni analyzy identifikovany vetsf ci mens! 
naznaky uspofadanf. Vzhledem k tomu, ze obvyklymi metodami lze stanovit primes 
krystalicke faze v koncentraci 2 az 5%, je zfejme ze semikrystalicka forma obsahuje, 
pokud viibec, jen velmi male mnozstvi krystalicke faze. Intenzita ojedinelych piku 



namefenych metodou RTG difrakce by vsak odpovidala podstatne vetsimu podilu. 
Semikrystalickou formu tedy nelze charakterizovat jinak nez amorf s naznakem 
uspofadam v urcitem smeru, tedy nikoli v trojrozmerne krystalicke mfizce. 

Tato forma je dobfe charakterizovana RTG difraktogramem, kde lze pozorovat dva 
ostre charakteristicke piky u uhlu 5,85 a 6,99° 20, navic je tato forma je 
charakteristicka velmi sirokym pasem ul7,6° 20 a platem (bez piku) mezi 23 - 35° 
29. U 13 C a 31 P CP MAS NMR spekter a IC spekter jsou pozorovatelne rozsifene 
linie, zpusobene neexistenci preferencm orientace molekul v semikrystalicke forme. 
Zejmena je latka podle vynalezu charakterizovana rozsifenymi pasy 3085, 2786, 
2379, 1561, 1212 a 809 cm" 1 v IC spektru a rozsifenymi pasy 137,9, 124,5, 73,6, 36,8 
ppm v 13 C CP MAS NMR spektru. 

Semikrystalickou formu lze pfipravit zahrfvamm krystalickeho pentahydratu 
risedronatu na teplotu vyssi nez 60 °C po dobu nekolika hodin, zejmena na teplotu 60 
°C az 200 °C po dobu 1 az 48 hodin. Vyhodne je zahnvani na teplotu 100 °C az 140 
°C, zvlaste vyhodne pak pfi 1 10 °C. 

Obsah vody v semikrystalicke forme risedronatu sodneho se stanovuje metodou TGA 
a zavisi na delce a teplote suseni a nema vliv na zmenu charakteristickych spekter 
latky. 

Dalsim aspektem vynalezu je lekova forma s obsahem semikrystalickeho risedronatu. 

j Preferovana lekova forma k vyuziti semikrystalickeho risedronatu je oralni, 
specialne ve forme tablet. Krome ucinne latky jsou pro vyrobu tablety pouzita 
vhodna fedidla, pojiva, rozvolnovadla a kluzne latky. 

Mimofadne vhodnou kombinaci je pflmo tabletovatelna smes, kde funkci fedidla 
vykonava smes latek manitol a mikrokrystalicka celuloza. Tato kombinace prokazuje 
mimofadnou stabilitu, zejmena ve vlhkem prostfedi. 



Lekova forma muze obsahovat 5 az 35 mg ucinne latky, vztazeno na cistou kyselinu 
risedronovou. Vyhodna forma je 5 mg pro podavam jedenkrat denne a 35 mg forma 
pro podavam jedenkrat tydne. 

Pfehled obrazku na vvkresech 

Obrazek 1 pfedstavuje IC spektrum semikrystalickeho risedronatu podle vynalezu. 
Obrazek 2 pfedstavuje 13 C CP MAS NMR spektrum semikrystalickeho risedronatu 
podle vynalezu. 

Obrazek 3 pfedstavuje 31 P CP MAS NMR spektrum semikrystalickeho risedronatu 
podle vynalezu. 

Obrazek 4 pfedstavuje RTG difraktogram semikrystalickeho risedronatu podle 
vynalezu. 

Pffkladv provedeni vynalezu 
Prfklad 1 

Postup pfipravy semikrystalicke formy risedronatu sodneho: 

10 g krystalicke formy pentahydratu risedronatu (die CZ 293349) bylo suseno pfi 
110 °C po dobu 20 hodin. Bylo ziskano 8,2 g semikrystalicke formy risedronatu 
sodneho, ktery byl charakterizovan RTG praskovou difrakci (obrazek 4) , 13 C a 31 P 
CP MAS NMR spektry (obrazek 2 a 3) a IC spektry (obrazek 1). Takto pfipraveny 
semikrystalicky risedronat obsahoval 1,7 % vody. 

Pfiklad 2 

Postup pfipravy semikrystalicke formy risedronatu sodneho: 

10 g krystalicke formy pentahydratu risedronatu (die CZ 293349) bylo suseno pfi 
50 °C po dobu 5 hodin, pote byla teplota zvysena na 100°C a suseno bylo 10 hodin. 
Bylo ziskano 8,5 g semikrystalicke formy risedronatu sodneho, ktery byl 
charakterizovan RTG praskovou difrakci, 13 C a 31 P CP MAS NMR spektry a IR 
spektry. Takto pfipraveny semikrystalicky risedronat sodny obsahoval 1,5 % vody. 



Pfiklad 3 



Postup pfipravy semikrystalicke formy risedronatu sodneho: 

10 g krystalicke formy pentahydratu risedronatu (die CZ 293349) bylo suseno za 
tlaku 10 - 30 kPa pfi 100°C po dobu 10 hodin. Bylo ziskano 8 9 1 g semikrystalicke 
formy risedronatu sodneho, ktery byl charakterizovan RTG praskovou difrakci, 13 C a 
3I P CP MAS NMR spektry a IR spektry. Takto pripraveny semikrystalicky risedronat 
sodny obsahoval 0,8 % vody. 



PATENTOVE NAROKY 



1 . Monosodna sul kyseliny 3 -pyridyl- 1 -hydroxyethyliden- 1 , 1 -bisfosfonove 
v semikrystalicke forme. 

2. Latka v semikrystalicke forme podle naroku 1, vyznacujici se RTG 
difraktogramem pofizenem v zafenf CuKa vlnove delkyl, 541874 A zafenim 
charakterizovanym dvema ostrymi piky pfi uhlech 28 5,85 a 6,99° a 
sirokym pasem u 29 7,6° a platem (bez piku) mezi uhly 20 23 - 35° 

3. Latka v semikrystalicke forme podle naroku 1, charakterizovana rozsifenymi 
pasy 3085, 2786, 2379, 1561, 1212 a 809 cm" 1 v IC spektru a rozsifenymi pasy 
137,9, 124,5, 73,6, 36,8 ppm v I3 C CP MAS NMR spektru. 

4. Latka v semikrystalicke forme podle naroku 1, 2 nebo 3, charakterizovana 
obsahem vody v mnozstvi 0 az 7 % hmotnostnich, ktera nema vliv na 
semikrystalicky charakter latky. 

5. Latka v semikrystalicke forme podle naroku 4, majicf obsah vody 4 az 7 % 
hmotnostnich. 

6. Zpusob pfipravy monosodne soli kyseliny 3 -pyridyl- 1 -hydroxyethyliden- 1,1- 
bisfosfonove v semikrystalicke forme podle kterehokoli z naroku 1 az 5, 
vyznacujici se tim, ze se kyselina 3 -pyridyl- 1 -hydroxyethyliden- 1,1- 
bisfosfonova vzorce (I) 
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v krystalicke forme zahriva na teplotu 50 az 120°C, tlaku 10 az 100 kPa, po 
dobu 1 az 48 hodin. 

7. Zpusob podle naroku 6, vyznacujici se tim, ze se pouzije krystalicka latka 
vzorce I ve forme pentahydratu. 

8. Zpusob podle naroku 6 nebo 7, vyznacujici se tim, ze se krystalicka forma 
latky vzorce I zahriva na teplotu 50 az 100 °C pfi postupne se zvysujici 
teplote. 

9. Zpusob podle naroku 7, vyznacujici se tim, ze se pentahydrat latky vzorce I 
zahriva na 1 10 °C pod dobu 18 az 48 hodin. 

10. Zpusob podle naroku 7 nebo 8, vyznacujici se tim, ze se zahfivam provadi za 
snizeneho tlaku, s vyhodou pri tlaku 10 az 30 kPa. 

1 1 . Lekova forma, vyznacujici se tim, ze obsahuje latku v semikrystalicke forme 
podle naroku 1 a alespoii jednu dalsi farmaceuticky vyuzitelnou latku. 

12. Lekova forma podle naroku 11, vyznacujici se tim, ze se jedna o tabletu 
zahrnujici navic kombinaci latek manitol a mikrokrystalicka celuloza. 

13. Lekova forma podle naroku 11 nebo 12, vyznacujici se tim, ze obsahuje 5 
nebo 35 mg ucinne latky. 



Anotace 



Nazev vynalezu: Semikrvstalicka forma risedronatu monosodneho, zpusob ieho 
pfipravy a lekova forma ho obsahujici 

Monosodna sul kyseliny 3 -pyridyl- 1 -hydroxyethyliden- 1 , 1 -bisfosfonove 
v semikrystalicke forme a jeji lekova forma. Zpusob jejf pnpravy spociva 
v torn, ze se kyselina 3-pyridyl-l-hydroxyethyliden-l ? l-bisfosfonova v 
krystalicke forme zahfiva na teplotu 50 az 120°C ? tlaku 10 az 100 kPa 5 po 
dobu 1 az 48 hodin. 



Obr. 1 



IC spektrum semikrystalicke formy risedronatu sodneho 
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Obr. 4 RTG difraktogram vzorku semikrystalicke formy risedronatu sodneho 




CZECH REPUBLIC 
INDUSTRIAL PROPERTY OFFICE 



certifies herewith that 
Zentiva, a.s., Praha, CZ 

filed on July 8, 2004 

an application of the invention - file No. PV 2004-798 

and that the enclosed annexes are identical 
with the originally filed annexes of this application. 

Signature - illegible 
On behalf of the president: Ing. Jan Mrva 

(Round seal:) 
INDUSTRIAL PROPERTY OFFICE 
PRAGUE 

(Round stamp:) 
INDUSTRIAL PROPERTY OFFICE 
6 



Prague, January 6, 2005 



1 



SEMI-CRYSTALLINE FORM OF RISEDRONATE MONOSODIUM, METHOD OF 
PREPARATION AND PHARMACEUTICAL FORMULATION CONTAINING THE 
SAME 

Technical Field 

The invention concerns a new semi-crystalline form of the monosodium salt of 3-pyridyl-l- 
hydroxyethylidene-1 J -bisphosphonic acid of formula (I) 

O 



' and a method of its manufacture, as well as to pharmaceutical formulation containing the 
same. 

Background Art 

Geminal bisphosphonates, such as for example salts of 3-pyridyl-l-hydroxyethylidene-l,l- 
bisphosphonic acid (RISEDRONATE) or 4-amino- 1 -hydroxybutylidene- 1 ? 1 - bisphosphonic 
acid (ALENDRONATE) have been used for already some time to treat bone diseases and for 
management of the metabolism of calcium. 

Preparation of risedronic acid consists in the reaction of 3-pyridylacetic acid with 
phosphorous acid and phosphorus trichloride and subsequent hydrolysis of the resulting 
intermediates. A general method of this preparation of bisphosphonic acids was presented in 
JP 80-98193 (1980), JP 80-98105 (1980) of Nissan Chemical Industries and in the article of 
W. Ploger et al., Z. Anorg. Allg. Chem., 389, 119 (1972). Preparation of risedronate was 
presented in EP 186405 (1986) of Procter & Gamble. 
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Bisphosphonic acids are used in the form of various non-toxic and pharmaceutical^ 
acceptable esters, salts of alkali metals and alkaline-earth metals and their various hydrates. 
The form of the substance can have fundamental influence on its solubility and biological 
availability. The sodium and calcium salts are the preferred forms of risedronate. 

3-pyridyl-l-hydroxyethylidene-l ? l -bisphosphonic acid is used especially in the form of its 
monosodium salt (SODIUM RISEDRONATE). This salt, like a number of geminal 
bisphosphonic acids and their salts, can form hydrates. So far, anhydrous crystalline form of 
monosodium 3-pyridyl-l-hydroxyethylidene-l,l-bisphosphonate, its monohydrate and 
pentahemihydrate have been described, namely in Procter & Gamble's application WO 
0156983 A2. Of the two mentioned hydrates, only the pentahemihydrate form is 
thermodynamically stable. The monohydrate spontaneously transforms to the stable 
pentahemihydrate. 

The pentahemihydrate is prepared by forming a suspension of risedronic acid in water at 
about 60 °C, adjusting the pH of the suspension to 4.5 to 5 with sodium hydroxide, by adding 
isopropanol to the resulting solution at the same temperature, and by cooling gradually the 
resulting suspension. The temperature of formation of first crystals is important for producing 
pure pentahemihydrate, which is most preferably maintained at between 50 to 70 °C. 

The monohydrate containing formulation, described in application WO 01/56983, therefore, 
necessarily absorbs water from the environment and changes its composition. This can be a 
significant source of instability of this form. 

CZ patent 293349 describes higher hydrates of the monosodium, di-sodium and tri-sodium 
salts of 3-pyridyl-l-hydroxyethylidene- 1,1 -bisphosphonic acid. It has turned out that these 
salts do not take in any additional water from the air and it can be assumed that a composition 
comprising them will be more stable than that comprising the earlier-described mixture of the 
monosodium salt mono- and pentahemihydrates. The pentahydrate form of the monosodium 
salt is described therein, inter alia. The pentahydrate is one of alternative solutions to the 
earlier-described hemipentahydrate. It is stable especially in the wet environment. This 
hydrate was prepared from a solution of the monosodium salt in water, which is poured at 80 
°C into isopropanol, cooled to -7 to -10 °C. 
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Another solution is described in patent application WO 03/086355. The structure of the 
earlier-known hemipentahydrate was designated as polymorph A therein. The new crystalline 
form B, disclosed in this application, is the monohydrate; contrary to the earlier-known 
monohydrate, it is stable at normal conditions. In the invention, further crystalline forms C 
through H are also defined. 

Methods of preparation of individual forms consist either in boiling a suspension of risedronic 
acid in a solution of sodium hydroxide in a mixture water-organic solvent, or in heating the 
monosodium salt to 100 to 200 °C, or in exposing the salt to wet atmosphere for longer 
periods of time. 

All forms of the monosodium salt of risedronic acid, described so far, have been crystalline. 
However, it turns out in many cases relating to pharmaceutically active substances that an 
amorphous form is biologically more available. Because biological availability of salts of 
bisphosphonic acids is generally very low - the organism usually makes use of about 1 % of 
the total mass of the used active substance - it is desirable to find such forms that would have 
a larger utilizable portion. 

The present invention, therefore, concerns a new semi-crystalline form of the monosodium 
salt of risedronic acid (or risedronate sodium). 

Disclosure of Invention 

The substance to which this invention relates - semi-crystalline monosodium salt of 
risedronic acid - is termed semi-crystalline risedronate throughout the specification. 

The invention consists in a new semi-crystalline form of risedronate. It has turned out that this 
form is stable at normal conditions and that it is suitable for preparation of a pharmaceutical 
formulation. The semi-crystalline form of risedronate can contain 0 to 7 % of water. In a 
preferred embodiment it contains 4 to 7 % of water, where the substance is more stable also in 
the wet environment. 

The semi-crystalline form can be characterized as a virtually amorphous substance, i.e., that 
for which no crystal lattice is defined. For the semi-crystalline form, however, larger or 
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smaller symptoms of an arrangement can be identified by methods of structural analysis. 
Given that usual methods can determine an admixture of a crystalline phase in concentrations 
of 2 to 5 %, it is obvious that the semi-crystalline form contains, if any, only a small amount 
of a crystalline phase. The intensities of isolated peaks, measured by the method of X-ray 
diffraction, would, however, correspond to a substantially larger fraction. The semi-crystalline 
form cannot therefore be characterized otherwise than as an amorph with symptoms of 
arrangement in a certain direction, i.e. not in the three-dimensional crystal lattice. 

This form is well characterized by the X-ray diffraction pattern, where one can observe two 
sharp characteristic peaks at angles of 5.85 and 6.99 ° 29; moreover, this form is characteristic 
by a very broad band at 17.6 ° 20 and a plateau (without peaks) between 23 - 35 ° 29. In the 
13 C and 31 P of CP MAS NMR spectra and IR spectra there can be observed expanded lines, 
caused by non-existence of preferential orientation of molecules in the semi-crystalline form. 
The substance according to the invention is characterized especially by expanded bands at 
3085, 2786, 2379, 1561, 1212 and 809 cm" 1 in the IR spectrum and expanded bands at 137.9, 
124.5, 73.6, 36.8 ppm in the 13 C CP MAS NMR spectrum. 

The semi-crystalline form can be prepared by heating crystalline risedronate pentahydrate at a 
temperature above 60 °C for several hours, especially at 60 to 200 °C for 1 to 48 hours. It is 
preferable to heat up at 100 to 140 °C, more preferably at 1 10 °C. 

The content of water in the semi-crystalline form of risedronate sodium is determined by the 
TGA method and it depends on the length and temperature of drying and it does not have any 
influence on changes of characteristic spectra of the substance. 

Another aspect of the invention includes a pharmaceutical formulation containing semi- 
crystalline risedronate. 

Preferred pharmaceutical formulations for utilization of semi-crystalline risedronate are oral 
formulations, especially in the form of tablets. Besides the active substance, suitable diluents, 
binders, disintegrates and glidants are used to prepare the tablet. 
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A composition that can be directly compressed is an extraordinarily advantageous 
combination, where a mixture of mannitol and microcrystalline cellulose plays the role of the 
diluent. This combination displays exceptional stability, especially in the wet environment. 

A dosage form can contain 5 to 35 mg of the active substance, based on pure risedronic acid. 
Forms of 5 mg for once-a-day administration and 35 mg for once-a-week administration are 
the preferable ones. 

Brief Description of Drawings 

Figure 1 presents the IR spectrum of semi-crystalline risedronate according to the invention. 
Figure 2 presents the 13 C CP MAS NMR spectrum of semi-crystalline risedronate according 
to the invention. 

Figure 3 presents the 31 P CP MAS NMR spectrum of semi-crystalline risedronate according to 
the invention. 

Figure 4 presents the X-ray diffraction pattern of semi-crystalline risedronate according to the 
invention. 

Examples 

Example 1 

A procedure of preparation of the semi-crystalline form of risedronate sodium: 

10 g of crystalline form of risedronate pentahydrate (according to CZ 293349) was dried at 
1 10 °C for 20 hours. 8.2 g of the semi-crystalline form of risedronate sodium was obtained, 
which was characterized with X-ray powder diffraction (Figure 4) , 13 C and 31 P CP MAS 
NMR spectra (Figures 2 and 3) and IR spectra (Figure 1). Thus prepared semi-crystalline 
risedronate contained 1.7 % of water. 

Example 2 

A procedure of preparation of the semi-crystalline form of risedronate sodium: 

10 g of crystalline form of risedronate pentahydrate (according to CZ 293349) was dried at 50 
°C for 5 hours, then the temperature was elevated to 100 °C and drying was continued for 10 
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hours. 8.5 g of the semi-crystalline form of risedronate sodium was obtained, which was 
characterized with X-ray powder diffraction , 13 C and 3i P CP MAS NMR spectra and JR 
spectra. Thus prepared semi-crystalline risedronate contained 1.5 % of water. 

Example 3 

A procedure of preparation of the semi-crystalline form of risedronate sodium: 

10 g of crystalline form of risedronate pentahydrate (according to CZ 293349) was dried 
under pressure of 10 -30 kPa at 100 °C for 10 hours. 8.1 g of the semi-crystalline form of 
risedronate sodium was obtained, which was characterized with X-ray powder diffraction, 
and 3l P CP MAS NMR spectra and IR spectra. Thus prepared semi-crystalline risedronate 
contained 0.8 % of water. 
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CLAIMS 



1 . The monosodium salt of 3-pyridyl-l-hydroxyethylidene-l ? l-bisphosphonic acid in a 
semi-crystalline form. 

2. The substance in the semi-crystalline form according to claim 1, characterized by the 
X-ray diffraction pattern obtained in the CuKoc radiation of the wavelength of 
1.541874 A, characterized by two sharp peaks at 26 angles of 5,856 and 6.99 ° and a 
broad band at 29 17.6 ° and a plateau (without peaks) between 20 angles of 23 - 35 °. 

3. The substance in the semi-crystalline form according to claim 1, characterized by 
expanded bands at 3085, 2786, 2379, 1561, 1212 and 809 cm" 1 in the IR spectrum and 
by expanded bands at 137.9, 124,5, 73.6, 36.8 ppm in the 13 C CP MAS NMR 



4. The substance in the semi-crystalline form according to claim 1, 2 or 3, characterized 
by a water content of 0 to 7 % by weight, which does not have any influence on the 
semi-crystalline character of the substance. 

5. The substance in the semi-crystalline form according to claim 4, having the water 
content of 4 to 7 % by weight. 

6. A method of preparation of the monosodium salt of 3-pyridyl-l-hydroxyethylidene- 
1,1-bisphosphonic acid in the semi-crystalline form according to any of claims 1 
through 5, characterized in that 3-pyridyl-l-hydroxyethylidene-l,l- 
bisphosphonic acid of formula (I) 



spectrum. 



O 




OH 



I 
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in the crystalline form is heated at 50 to 120 °C, under a pressure of 10 to 100 kPa, for 
1 to 48 hours. 

7. The method according to claim 6, characterized in that the crystalline 
substance of formula I is used in the form of pentahydrate. 

8. The method according to claim 6 or 7 3 characterized in that the crystalline 
substance of formula I is heated at 50 to 100 °C, the temperature being gradually 
elevated. 

9. The method according to claim 7, characterized in that the pentahydrate of the 
substance of formula I is heated at 1 10 °C for 18 to 48 hours. 

10. The method according to claim 7 or 8, characterized in that heating is carried 
out under a reduced pressure, preferably at 10 to 30 kPa. 

1 1 . A pharmaceutical formulation, characterized in that it contains the substance 
in the semi-crystalline form according to claim 1 and at least one other 
pharmaceutically utilizable substance. 

12. The pharmaceutical formulation according to claim ll,characterized in that it 
is a tablet containing further a combination of mannitol and microcrystalline cellulose. 

13. The pharmaceutical formulation according to claim 11 or 12, characterized in 
that it contains 5 or 35 mg of the active substance. 
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Abstract 

Title of Invention: Semi-crystalline form of risedronate monosodium, method of 
preparation and pharmaceutical formulation containing the same 

The monosodium salt of 3-pyridyl-l-hydroxyethylidene-l ? l~bisphosphonic acid in the 
semi-crystalline form a pharmaceutical formulation thereof. The method of preparation 
consists in heating 3-pyridyl-l-hydroxyethylidene-l 5 l-bisphosphonic acid in the 
crystalline form at 50 to 120 °C, under a pressure of 10 to 100 fcPa, for 1 to 48 hours. 
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Fig- 1 IR spectra of the semi-crystalline form of risedronate sodium 
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Fig. 2 13 C CP MAS NMR of a sample of the semi- crystalline form of 
risedronate sodium 
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Fig. 4 
sodium 



X-ray diffractogram of the semi-crystalline form of risedronate 
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